. Furthermore, when E. coli lysates that To determine which domain of Hdm2 interacts with had been induced to express human proteins (either hCtBP2, we also constructed a panel of Hdm2 truncation p53 or Hdm2) were subjected to far-Western analysis mutants. Hdm2(6-306) bound the N-terminal domain of with GST-hCtBP2 as a probe, a 90 kDa band was dehCtBP2 ( Figure 1D, lane 3) , albeit less strongly than fulltected only in Hdm2-containing lysates (see Supplelength Hdm2, whereas Hdm2(6-210) did not bind (lane mental Data). These experiments demonstrate that 2). The Hdm2 section containing amino acids 210-306 Hdm2 and hCtBP2 can associate specifically in vitro.
Figure 1. Hdm2 Interacts with hCtBP2 In Vitro and In Vivo
(A) Partially purified recombinant Hdm2 was incubated with the GST-fusion proteins indicated, and complexes were pulled down with glutathione-sepharose beads. Samples were then analyzed by SDS-PAGE, followed by either Coomassie blue staining to demonstrate equal amounts of GST-fusion protein or Western blotting with mAb 2A10 to detect Hdm2. (B) Extracts from MCF-7 cells were immunoprecipitated with protein G beads alone (-), an irrelevant goat Ig to caspase 6 (control), or E16 goat-polyclonal antibody to CtBP. Precipitates were then analyzed by immunoblotting with rabbit polyclonal Ig R41 to hCtBP2 and Hdm2 mAb 2A9. (C) Recombinant full-length GST-hCtBP2(1-445), GST-hCtBP2 deletion mutants, and GST alone were used as bait in GST pull-down assays with equal amounts of full-length Hdm2. Coomassie blue staining confirmed that equivalent amounts of the CtBP2 mutants had been used (upper panel), and immunoblotting with mAb 2A10 was used for detecting coprecipitated Hdm2 (lower panel). A comparison between the mutants and the known domains of hCtBP2 is shown, with the N-terminal GST fusion omitted. (D) GST-hCtBP2(1-110) was used to pull down the Hdm2 deletion mutants indicated. Equal amounts of input proteins were confirmed by Western blotting with mAb 4B2 for Hdm2 and Coomassie blue staining for GST-hCtBP2(1-110). Coprecipitated Hdm2 was detected via immunoblotting with mAb 4B2. The location of the Hdm2 deletion mutants with reference to known domains of Hdm2 are shown: P ϭ p53 binding domain; NL/NE ϭ Nuclear localization and export sequences; A ϭ acidic region; Z ϭ Zinc finger; R ϭ RING finger.
homology with Hdm2 within the acidic domain and can PXDLS motif is regulated by changes in cellular redox potential [15] . The central dehydrogenase domain of also interact with hCtBP2 in vitro (see Supplemental Data). Furthermore, the hCtBP2 paralog, hCtBP1, is able hCtBP1 contains a high-affinity binding site for NADH (GXGXXG, Figure 2A ), occupation of which induces a to interact with Hdm2 in GST "pull-down" assays (see Supplemental Data).
conformational change in the hCtBP1 molecule and an increase in binding to proteins such as E1A and ZEB. The recruitment of hCtBP1 by proteins containing a NAD ϩ ratio sufficient to promote binding of CtBP proteins to PXDLS motif proteins in the cell. As shown in Figure 2C, scription by hCtBP2 is dependent on a direct interaction between Hdm2 and hCtBP2, we treated cells with CoCl 2 to disrupt the Hdm2:hCtBP2 interaction. After CoCl 2 ex-A mutation in hCtBP1 in the GXGXXG motif (G183A) posure, hCtBP2 was no longer able to enhance Hdm2-abolishes NADH responsiveness [15] . We noted that this mediated repression of p53-dependent transcription site in hCtBP2 is conserved (amino acids 187-192) and ( Figure 3B) ; this was not due to an effect on p53 protein asked whether NADH could regulate the Hdm2:hCtBP2 levels in these cells ( Figure S4 in the Supplemental Data). interaction. NADH concentrations (0.01 to 1 mM) known This effect of CoCl 2 was due to its specific effect on to promote the interaction of hCtBP1 with PXDLS motif regulating intracellular NADH levels because repression proteins inhibited binding of full-length GST-hCtBP2 to by the hCtBP2(G189A) mutant was unaffected by CoCl 2 Hdm2 ( Figure 2B, top panel) . This inhibition did not occur ( Figure 3C ). In addition, we transfected cells with an when either GST-hCtBP2(1-110), lacking the dehydroHdm2(1-210) mutant, which can bind p53, is localized genase domain, or hCtBP2(G189A), containing a mutain the nucleus, and can inhibit p53 activity but cannot tion in the NADH binding site, were used in the assays bind hCtBP2. In the presence of Hdm2(1-210), hCtBP2 ( Figure 2B, lower panels) 
